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Huvudfoxen Kosson 8TABLB ROTATABLE RADIATION QAMTHY 

TECHNICAL FI£LD 

( 5 The pre^nt inventicnn relates to devices and me&ods for irradiation and in 
particular to devices and methods for iiradiation in more than one direction. 

BACKGROUND 

10 Radiation, in &e form of electromagnetic radiation or particle radiation, is 
todsQT used for many purposes. e.g. modification of properties of materials, 
sterilising purposes as weU as medical diagnostics and treatment The 
difiterent purposes put different requirements on the metiiods and devices 
used, but there are also big similarities. 

15 

In the fidd of radiotherapy and radiosurgery ' treatment, a common general 
" method is to arrange a patient on a couch. A radiation head is directed 

* relative the patient in order to direct radiation to a certain treatment volume, 

e.g. a tumour, The general requirement in such applications is to maximise 
20 the dose within the treatment voliime, while minimise the dose in tissue 
material outside the treatment volume. One way to accomplish this is to 
irradiate the treatment volume from differant directions, whereby the 
treatment volume receives a radiation dose at all instances, while certain 
parts of the surrounding material onfy receives doses at some occasion. 

I There are diflEerent wagrs to accomplish multi-directional radiation. For small 

radiation sources, a multitude of sources may be used. Tlds may e.g. be 
used for Co*60 sources, ^ch normally axe limited in size and weight. For 
other radiation sources, which are heavier and/or larger, this solutton 
*/\30 becomes impractical. Another approadb is instead to anange the radiation 
head in a movable fEtshion, e.g. attached to a gentry, which is allowed to 
move. Since radiation heads often axe very heavy, in some cases up to 
several thousand Mograins, the gmtries have typicalty to be bu^ 
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Stable. The easiest to move the gantiy is in such cases to use a rotating 
^ movement Since it in most applications is desirable to have the body to be * 

irradiated positioned horizontaUyi the rotadra axis is typically orirated 
horizontally, so that the gantiy is allowed to move besides and imder the 
5 bodjr. 

The gantxy according to prior art is typically designed in a general L or C 
shape, and the rotational support is provided at one axial end of the body. 
However, the heavy wci^ts may cause the gantxy arms to elastically deform, 
10 which results in a modified rotational motion. Instead of a pure rotation, the 
gantxy will precess, creating an inaccuracy in the positioning of the radiation 
head. Furthermore, the heavy loads will appty extreme forces on the rotation 
bearings, even if many attempts of balancing the gantries have been made. 
Due to these reasons, the gantry movements are limited in speed, since hi^ 
^ 15 accelerations and retardations increase the load even further. 

The couches used together vdth this type of gantries is typically designed 
^ with a support portion, which is situated outside the area of the gantiy 

movement, and a couch stiddxig into the gantry region substantially 
20 horizontally. The reason for this is tiiat no couch supports can be placed in 

the path of the gantry rotation. Due to the asymmetric design, the couches 

are typically very sensitive for the positioning of the body on the couch. 

Placing a body on Hie couch will typically cause a displacement of up to I 

cm, and changing the location of the body on the couch may alter the < 
25 displacement several millimetres* this implies that the motion of the couch 

can not be used during an accurate treatcnent of e.g. a tumour in the 

: treatment volume. 

• • 

• • • ^ 

Smce the radiation treatment is intended to be perfomied also from below, it 
••••• ^ 

[ 3]0 is im])ortant that the couch close to the treatment volxmie do not absorb the 
*. *: radiation and causes any production of secondary radiation. One way to 

solve this is to remove most of the solid material from the couch close to the 

• * • 

*l ' treatment volimie, and oz^ leave e.g. a thin stretched foil of material with 
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low cross section for the used radiatiozL HoweveTt in order to support body 
wei^t on both sides of the treatment voluxne, some stiff solid constructions, 
connecting solid parts of the couch, have to pass relatively close to the 
treatment volume, e.g* in tht form of C-axms or beams. However, changing 
5 the irradiation direction, may lead to collisions with sudi arms, which has to 
be movable, depending on the position of the radiation head. 

Using gantries with a single rotational movement aUows for irradiation in 
difierent directions in one and the same plane, so called coplanar irradiation. 

10 If the ratio between the doses of the treatment volume and tiie tissues 
outside, respectively, is going to be increased fiirthcr, radiation in directions 
outside this irradiation plane has to be accomplished, so called non-coplanar 
irradiation^ A trivial solution could be to provide the gantry with several 
radiation heads, irradiating the treatment volxime in different out-of-planc 

15 directions. However, expensive or heavy radiation heads are not suitable for 
such solutions. 



There are several attempts for solutions giving non-coplanar irradiation in 
prior art Some uses radiation deviation means, or u^ the possibility to tilt 
I 20 the body to be irradiated. Deviation means arc, however, often difficult to 
control in an exact way, in particular when constant radiation beam 
properties are concerned. Tilting of the body is unsuitable due to risks of 
displacements, between the bocfy and the couch, of the couch itself as well 
as displacements within the bo<fy. 

25 

\:r The British .patent GB 1,129,653 discloses a device for radiation therapy, 

: which is movable in several directions. It discloses the possibility to rotate a 

» m m 

• •* gantry around a horizontal axis and at the same time displace the radiation 

• • • 

head along a perpendicular circular arch relative to the gantry. This solution 

] 30 provides non-coplanar irradiation, but still performs tiie problems with 

• * » 

instability in the gantxy and couch. 
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The American patent US 5,577,094 discloses another sohition, where the 
gantzy is movable along two perpradicular circular paths« This is* besides 
the earlier described stability problems also resixicted mainty to cranial 
treatments, since the available space around the treatmmt volume 
5 substantially is restricted to one side. 



A common problem with most equipment according to the state of the art is 
that there is a risk for collision between the radiation head and the body, to 
be irradiated, or couch. When changing irradiation directions, a manual 

10 inspection is normally required during movements of the radiation head 
and/ or gantiy to ensure that the body is not jammed between the couch and 
the gantry. This problem makes any requested automation of the treatment 
difiiculL There are some solutions of this problem, which are based on 
contact switches, which stops any movement, if any distances become too 

15 sraalL Normalty, this is combined with usir^ firiction safety clutches, applied 
to the gantry movement. When using such solutions, the maximum allowed 
moment on the gantry is reduced, which further reduces the maximum 
retardation and accelemtion. Furthermore, the contact switch solution has 
some reaction time, which put restrictions on the maximum speed of any 

20 motion. 



SUMMARY 



It is therefore a general object of the present invention to provide irradiation * 
2 5 devices and methods therefore, which do not present the problems discussed 

above. In more detail, it is an object of the present invention to provide 
^ : irradiation devices, which presents an improved stability in the gantry and 

: .* couch. A further object with the present invention is to provide irradiation 

devices, which can provide accurate non*coplanar irradiation v^thout 

•*30 involving movement of the body to be irradiated. Another otgect of the 

• ♦ ♦ 

present invention is to provide a design of irradiation devices, which 
simplifies automatic control of the movements of different parts, without risk 

• • » 

V • for collisions. Yet another object of the present invention is to provide 
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irradiatiozL devices which can provide radiation continuously over an angle 
considerabljr exceeding a full turzi. 



i' The above otgects are achieved a device and a method according to the 

5 enclosed daims. In g^eral, the obgects of the present invention arc achieved 
fay providing an irradiation device providing a free volume around ttit body to 
be irradiated^ along ita entire longitudinal asds. The supporting parts of a 
gantiy of the irradiation device are situated substantialty radial^ 
respect to the free volume. The gantiy comprises an inner gantiy part witii at 
10 least two suppordng locations to an outer gantiy part. The support locations 
are situated at each side of a treatment volume. A radiation head, 
mechanically attached to the gantiy and arranged to direct radiation to the 
treatment volume is movable aroimd the treatmmt volume. In prefetred 
embodiments, parts of the inner and outer gantiy parts are formed as rings, 
15 leaving a free space along the longitudinal axis of the body. A body- 
supporting couch is arranged along the rotational axis and thro\igh the 
^ hollow gantiy parts. The radiation head is preferably movable along a 

circular path also perpendicular to the rotation axis. Non-coplanar 
treatments are thereby possible to obtain. The arrangements are suitable for 
2 0 applying numerical control of the gantiy movements. 

The method of the present invention comprises the provision of two inner 
gantry part support locations at each side of the treatment volume. 
Preferably, the radiation head is moved along a spherical sijurfiace in two ^ 
25 perpendicular directions. The rotation arotmd the rotational axis is 
: preferably made continuously. 

» 

BRIEF DESCRIPTION OF THE DRAWINGS 

... 
» • • 

. *='30 The invention, together with further objects and advantages thereof, may best 
be imderstood by referring to the following description taken together with the 
accompanying drawings, in which: 
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HQ. 1 is a side view of a first embodiment of an irradiation device 
accordii^ to the present invention; 

FIG. 2 is a sectional view of the inadiation device of fig. 1» taken 
along the line A-A; 

5 FI0.3a is a p asp ecQve view ofacoudi to be used with an irradiation 

device according to the present invention; 

FIQ. 3b ilhistratcs the movement region required for thxt couch; 
FIG» 4 is a schematic drawing ilhistrating the irradiation directions 
achievable by a device according to the first embodiment of the present 
10 invention; 

no. 5 is a flow diagram ilhistrating a general irradiation method 
according to the present invention; 

FIG. 6 is a flow diagram illustrating a preferred embodiment of an 
inadiation method according to the present invention; 
15 FIG. 7 is a side view of a second embodiment of an irradiation device 

according to the present invention; 

FIQ. 8 is a sectional view of the irradiation device of fig. 7, taken 
along the line B-B; 

FIG. 9 is a schematic drawing illustrating the irradiation directions 
20 achievable by a device according to the second embodiment of the present 
invention; 

FIG- 10 is a side view of a third embodiment of an irradiation device 
aocordix^ to the present invention; 

FIG. 11 is a sectional view of the irradiation device of fig. 10, taken « 
25 along the line C-C; and ^ 
FIG* 12 is a schematic drawing illustrating the irradiation directions 

« 

achievable by a device according to the third embodiment of the present 
invention. 

::30 DETAILED DESCRIPTION 



The present invention is based on some general more or less pure 
geometrical considerations. The stability problems for gantries and couches 
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according to the state of tiie art arc baaed on the al^piment of the gantry 
support and the couch. The gentry is normally placed substantially in the 
vicmity of the aads of rotation, which is substantiallf aligned mth the 
extension of the couch. The couch is only possible to support in one end due 
5 to the interference vnth tht gantry movements and the unatable gantry 
design is based on requirements not to disturb the couch more than 
necessary. 



In the present invention, the geometric considerations are changed. In order 
10 to make it possible to provide a stable couch design, a volume around the 
couch. comprisirigthevdumeinwhiGhthebociytobeinadiatsedispla^ is 
reserved for couch parts only. No gantry parts are allovired to be present 
within this volume. All naovable parts of the gantry are in all possible 
situations situated at a distance from the rotation axis of the radiation head 
15 which is larg^ than a predetermined value. The free volume is extended 
along tihe couch axis throu^ the entire gantry arrangement The gantry is 
supposed to be movable around this reserved voIvmie» irradiating the body 
from different directions* 



20 As a result of this volimie reservation^ the gantry is no loriger allowed to be 
placed axialfy with respect to the couch, the bocty and the rotation axis. The 
gantry supporting parts thus have to be moved from an axial position to a 
radial position, with respect of the couch. That means that the supporting 
means of the gantry has to be placed substantial^ above, below or at the | 

25 sides of the couch. 



The gantry design has to be stable, but at the sarrxe time allow for 

\ e xamin a t ion of the body to be treated. Since the gantry, in a radial position 

= with respect to the body, occupies the same volumes that are used far e.g. 

• . » 

**'3p visual or manual examination of the bodjr, the gantry thus has to be kept 
\ [ relatively small in size. This complicates the stability problems even more. 

/ According to the present invention, the stability of the gantry is achieved by 

amnging an inner gantry part with two supporting locations relative to an 
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outer gantzy part, These tm> supporting locations are placed at each side of 
the treatment volume, i.e. the volume of the body that is to be irradiated. 
Since there are two support locations, ^ stability of the gantiy is increased, 
without increasing the vohmie or inherent strength of the gantxy. The two 
5 support locations may be placed in any direction, ladialfy or axially, as long 
as the free volume around the cou^ is preserved. 

Below, three embodiments of the present invention are described, which 
illustrates devices where the supporting locations of the inner gantiy part to 
10 the outer gantty part are placed in different directions relative to the 
treatment vohmDie. The invention is particularly useful for radiotherapy and 
radiosuzgeiy applications. However, as anyone skilled in the art 
imderstands, there are o&er modifications and alternative embodiments, 
which still arc covered by the scope of the invention. 

15 

In fig. 1, a side view of a first embodiment of an irradiation device according 

to the invention is illustrated. A radiation head 8 is mechanically supported 

by an inner ^try part, generally denoted by L The inner gantiy part I 

comprises in the present embodiment a circle arc portion 3, a first ring 

20 portion 4 and a second ring portion 5. The radiation head 8 is movable along 

the circle arc portion 3, and arranged to direct radiation to a treatment 

volume 12. A body 11 is placed at a body-supporting couch, general^ 

denoted by 10. The treatment volume 12 is thereby in the normal case a part 

of the body 11, which is going to be treated by the radiation emitted from the e 

25 radiation head 8. The first ring portion 4 and a second ring portion 5 are in ' 

this embodiment positioned at each side of the treatment volume 12. The 

ring portions 4, 5 arc rotatably supported by an outer gantry part 2, 

comprising a first support portion 6 and a second support portion 7. 
* 

Accordingly, the inner gantzy part 1 i8 provided with two supporting 
70 locations S wi& respect to the outer gantxy part 2; The inner gantxy part 1 is 
fay this arrangement possible to rotate arotuid a rotation axis 9, which is 
substantially horizontal In the present invention, die two supporting 
locations S are situated on each side of the treatment volume 12, in an axial 
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direction, i.e. in the direction of the rotation axis 9. The treatment volume 12 
is in a p re fer red embodiment positioned at the rotation axis 9. 

The umer gantry part 1 is rotatahle around the rotation axis 9, and may 
5 thus be used also to irradiate the treatment volume 12 from below, as 
indicated by the broken line structure 15. The radiation head 8 is movable 
along the circle arc portion 3 and the broken line head 16 illustrates one end 
position for radiation head 8. The motion <tf the irmer gantry part 1 and 
the radiation head 8 between the supporting locations S of the inner gantry 

10 part 1 always takes place outside a cylindrical vohime, which is indicated by 
I the broken line 13, No movable parts of the irmer gantry part 1 will ever exist 

within this gantry rotational envelope 13, independent of the intended 
motion of the radiation head 8. The gantry rotational envelope 13 thus 
constitutes the firee volume around the body to be treated 11. The body to be 

15 treated 11 and the couch 10 are both preferably enclosed within a second 
qrlindrical volume, a bocfy positioning volume 14. This body positioning 
volume 14 is totally enclosed by the gantry rotational envelope 13, preferably 

* with a certain security mar^. In such a case, there is no risk for jazmning 
of the bodjr U against the couch 10 or destruction of the radiation head 8 

20 against the couch 10 at any time. This implies that the couch 10 can not 
have any supporting portions against e.g. floor or ceiling in the space 
between the supporting locations S of the irmer gantry part 1. 

I ' ' — _ J, _ 

^ A preferable solution of the couch-supporting problem is illustrated in fig. 2, ^ 

25 where the irradiation device of fig. 1 is illustrated in a sectional view along ' 
the line A-A in the axial direction. The ring portions 4, 5 of the inner gantxy 
part 1 are designed with a substantially circular shape, defining rotationally 
symmetric outer surfaces. These rotationally symmetric outer surfaces form 
the bearing locations of the inner gantiy part 1. The support portions 6, 7 
are in a corresponding manner designed with rotational^ symmetric irmer 
surfaces. The support portions 6, 7 are adapted to fit the ring portions 4, 5, 
leaviiig appropriate space for bearings, in the form of e.g. roller bearings. 
Since the ring portions 4, 5 and the support portions 6, 7 are formed without 



' *99 06/oinklfa(WF9i!I$!klFifi ISdOSO AROS P/ltENt AB ^ PAIEOTVERKET 181013/038 

1999-06- 0 9 ^18 153050 

10 

Huvudfaxen Kossan 

any parts along the xxitation axis 9, there is free space available* The couch 
may thus extend through the ring portions 4« 5 and the support portions 6» 
i 7, along the rotation axis 9. The couch 10 may therefore be supported by the 

outer gantxy part 2 or, as shown in the figure, by separate supports outside 
5 the inner gantry part bearing locations. In this embodiment, the coutoh 
support is movable in hei^t and horizontally, perpendicular to the rotation 
axis 9. This two-dimensional mobiliQr is accomplished by means in the 
couch supports. In fig. 2, a slot portion 20 allowing for horizontal movement, 
and a piston 18 and cylinder 19 for vertical movement are shown. The couch 
10 lOandits supports are described more in detail below. 

Fig. 3a illustrates a perspective view of a prdierred embodiment of a couch 
10 according to the present invention. The couch comprises a first couch 
support portion 21 and a second couch support portion 22. As discussed 

15 above> the couch support portions 21, 22 may be integrated in the gantry 
\ support or provided as separate means. From the first couch support section 

21, a fiirst rigid couch portion 23 extends towards the treatment volume. 
Prom the second couch support portion 22, a second ri^ couch section 24 
extends towards the treatment volume, in the opposite direction. The firont 

20 parts of the rigid couch sections 23, 24 arc placed apart from each other and 
thereby form an empty volume 29 therebetween. This empty voliime 29, at 
operation of the irradiation device, is situated just beneath the treatment 
volume 12 (see fig. 1). The ripd sections 23, 24 are preferably intercoimectcd 
by a thin foil 25 of material with a low radiation cross section, e.g. ^ 

25 pofyethylene. The foil 25 is in this embodiment provided as an endless belt, * 
which is driven by two rolls, 26, 27, and may thus senre for changing the 
: : : position of the body along the rotation axis. Alternatively, rigid plates of e.fr 

carbon fibre may be used instead of die thin foil. 

'\:^0 The r^;id sections 23, 24 are in a preferred embodiment movable relative the 
gantry. Preferably^ the displacements arc possible in at least two translation 



9, respectively. According to fig. 3a» these directions are denoted z and y. 
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respectively. The y-motion of the rigid sections 23, 24 is in the present 
embodimoit accomplished by lettizig a imtru^^ 28 of the rigid sections 23, 
24 slide in a slot portion 20. Any conventional means for causing and 
controlling this motion may be used. The s-motion of the rigid sections 23, 
5 24 is in the present embodiment accomplished lory a piston 18 of the couch 
support portions 21, 22 which can be moved up and down in a cylinder 19. 
In a preferred embodiment, the motion of the rigid sections 23, 24 are 
independent of each other, which {Mrovides for various positioning 
possibilities for the bo<fy. As indicated above, the foil 25 may be used for 
10 dianging the position of a body on the couch 10 in the x-direction, by driving 
the endless belt by the two rolls 26 and 27. 



Fig. 3b illustrates a cross section of a bocbr to be irradiated. The motion 
possibilities of the coudi should be such that all parts of the body would be 
15 possible to position at the treatment volume. The limit movements in tiie z 
and y directions should therefore enclose the bod^ volume, or at least the 
parts of the body volume, which may be a target for irradiation. 

Now referring again to fig. I and fig. 2, the co-operation between the couch 
20 and the gantry in easily imderstood. The inner g^try part 1 is rotatabty 
supported by the outer gantry part 2, The couch 10 extends from both ends 
aJong the rotation axis 9, leaving the open space 24 beneath the treatment 
volume 12* The couch support portions 21, 22 are provided outside the iimcr 
gantry part support locations S. When the inner gantry part 1 is rotated 
25 aroimd the couch 10, the treatment volume 12 is available from all 
directions without any radiation disturbing «>fitm^, except for the thin 
stretched fo0 25. 



I \' It is easily seen in fig. 1 and 2, that the gantry is supported mainly in the 

•.:.30 KUiial direction, with respect of the rotaticm axis 9. The drcu^ 

ring portions 4, 5 and the support portions 6, 7 enables the clearance of the 
volume around the couch 10. It is also seoi that since the centre of mass of 
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the inner gantry part 1 always is situatsed between the support locatusns S, 
there are relatively low bending moment present in the gantiy . 



In a preferred embodiment, the inner ^trjr part 1 is continuomly rotatable, 
5 relative the outer gantiy part 2. the mechanical operation and support is 
easify imvided with e.g. oonventtonal gear sohxdons axid bearings. One 
limiting factor in equipment esdsting today is the wiring for Ifae radiation 
head. However, by introdudng sliding contacts between the inner gantry 
part 1 and tiie outer gantiy part 2, pre£erably in connection with the 
10 mechanical bearings a true continuoxxs rotational motion may be achieved. 

Returning to fig. 1, the radiation head 8 is movable along a circle arc portion 
3 of the inner g^txy part 1. The drde arc portion 3 has a centre of 
curvature, which is situated within the treatment volume 12, and prefierab]^ 

15 on the rotation axis 9. When the radiation head 8 is moved along the circle 
arc portion 3, it maintains the radiation direction towards the treatment 
volume 12. By combining the rotation around the horizontal aads 9 and the 
motion along the cirde arc portion 3^ a mxiltitude of irradiation directions 
may be readied. Ourii^ such movements, the radiation head 8 is situated at 

20 the same dtetance from the treatment volume 12. 

The treatment situation is schematically illustrated in Gg, 4. The radiation 
head 8 is possible to move anywhere along a spherical surface^ which is cut 
by two parallel vertical planes 30, 31, peipendictilar to the rotation axis 9. 
25 All directions within an angle VI firom a centre vertical plane 32 are ' 
adiievable. A non-coplanar treatment may be adrieved. Other angles than 
: perpendicular to the rotation axis me^ be of interest to use in order to avoid 
damage of vital oig^s situated in the vicinity of the treatment volimic 12. If 
: \: the radiation head 8 is fixed at a certain position along the drde arc portion 

: :30 3 and the inner gantiy portion 1 is rotated, the irradiation of tiic treatment 
^ volume 12 will be £^lied in a conical shape. If the displacement the 

radiation head 8 is controlled simultaneously as the ixmer gantry part 1 
rnoves, any other geometrical irradiation patbon may be accomplished. In 
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this way an imuliation path on the treatment vohame nUQT be adapted to 
each indhridual case, depending on Ihe nature of the target and the 
sensitivily for radiadon damage in the surroundings of the treatment 
vohuziel2. 

5 

The possibility of continuous rotation togpflier with the postibility to change 
the angle of the radiation head perpendicular to the rotation axis iadlitates 
different treatment possibilities. If several non*c(q[)lanar irradiation paths are 
to be perfonned, the paths may be scheduled without taking any limitations 
10 in the rotation into account. The path may e.g. be selected as a continuous 
spherical shaped coil annmd ^ treatment volume 12. 



The above treatments are preferabfy perfonned in an automated manner. 
Since the ixradiadon devices according to the present invention almost 

15 totall)r removes the risks for mechanical jamming or contact destruction, the 
operational processes may be automated easily. The possibilrty to spread the 
radiation dose over a larger voltuae around the treatment volume is used 
more efSdent^t if short eaqposures from a mtdtitudc of directions are ^ven. 
This requires a rapid movement of the radiation head, which is facilitated by 

20 the stable gentry construction according to the present invention. 
Furthermore, since the gantry construction according to the present 
invention reduces the risk for jammixig considerably, other approaches of 
control may be implemented. 

25 The motion of the radiation head in the two perpendicular directions may 
preferably be performed utilising nximerical control procedures. In such a 
system, the coordinates of the radiation head may easily t>e controlled 
together with e.g. radiation intensitjr, radiation distribution etc, in order to 
tailoring a radiation treatment. Revolution times of the inner gantry part of 

:3S0 the order of 5 s would be possible, enabling the radiation head to move 
between two arbitrary selected positions in times of the same order of 
magnitude. 
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The motion of the couch laay also be controlled automaticalty. However, 
there is a g^eral ^cq^est not to move the bodjr during treatment, so the 
main purposes for automatic control of the couch movement is to feunlitate 
the introduction of the bodtjr into the area of the treatment volume. 

5 

In fig. 5, a simple flow diagram of a general method for irradiation according 
to the present invention is illustrated* The procedure starts in step 100. In 
step 101. the g^try is provided essentially radialbr with respect of the 
treatment volume. Instep 102, the radiation head is moved to an irradiation 
10 position, and in st^ 105, the treatment volume is irradiated from the 
irradiation position. The process is ended in step 107. 

In fig. 6, a prefisrred embodiment of the irradiation method according to the 
present invention is illustrated. Identical steps are denoted as in fig. 5 and 

15 are not iixrfher discussed. In the preferred irradiation method, the step 102 
is divided in two part steps. Thus in step 103, the radiation head is rotated 
around the rotation axis, providing the requested azimuth angle. In step 
104, the radiation head is moved along a circular path, the centre of 
curvature of which is non-parallel to the rotation axis. As anyone skilled in 

20 the art understands, the steps 103 and 104 may be performed in any order, 
and preferably simultaneously. In step 107, a non-ooplanar irradiation is 
perfonned. 

In fig. 7, a side view of a second embodiment of an irradiation device 
25 accordii^ to the invention is ilhistrated. In fig. 8 the irra<^ 

7 is illustiated in a sectional view along the line B-B in the axial direction. A 
tadiation head 8 is mechanicaBy supported by an inner gantiy part, 
general^ denoted by 1. The inner gantxy part 1 comprises in the present 
cnibodiment a head supporting arm 213, a ring portion 201 and a 
counterwei^t 206. The radiation head 8 is fisoed at the head supporting arm 
213, and arranged to direct radiation to a treatment volume 12. A body 11 is 
placed at a boify-supporting couch, gpneralty denoted by 10. The treatment 
VDlimiie 12 is thereby in the notnal case a part <rf ttie bodty 1 1 , which is going 
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to be txieated by the xadiadon onitted from ^ radiation head 8. The bead 
supporting ann 213 is movable along the ring portion 201, tvfaich means 
tiiat the xadiatira head is able to rotate aiound a rotation axis 9, which is 
substantially horizontal. The treatment volume 12 is in a preferred 
5 embodiment positioned at the rotation axis 9. 

The inner gantiy part 1 is supported, via a first rotational support 204 and a 
second rotational support 205, hy an outer gantty part 2. The outer gantry 
part 2 comprises in this embodiment a generalfy C-shaped jaw portion 207, 

10 and a support portion 209. The jaw portion 207 surrounds the treatment 
volume 12 and is rotationalitsr attached in its back end to the support portion 
by a rotational connection 208. The first rotational sxipport 204 and the 
second rotational support 205 are attached to the front ends 202 and 203i 
respectively, of the jaw portion 207, and are tiierefore positioned at each side 

15 of the treatment volume 12» in the vertical direction. Accordingly, the inner 
gantiy part 1 is provided with two supporting locations S witii req^ect to the 
outer gantry part 2. The supporting locations S are situated on each side of 
the treatment volumye 12, in a radial direction. 



20 The radiation head 8 is rotatable around tiie rotation axis 9, and may thus 
be used also to irradiate the treatment volume 12 from below. In order to 
reach non-coplanar irradiation directions, the inner gantiy part 1 is rotated, 
either axoomd a vertical axis 210 by the first and second rotational supports 
204, 205, or around a horiamtal axis 211 by the rotational connection 208. 
25 A slight rotation of the inner gantiy part 1 will put Hue ring portion 201 as ^ 
indicated fay the broken line ring 212. Such a tilting will thus liaoit ibc free 
space around the couch 10 and bo<ty ll, and a xvatriction of this tilting is 
necessaiy to ensure a free space around the bocfy. The firat and second 
'.: rotational supports 204, 205 are situated in tiie same plane as the radiation 
.{30 head 8, while the ring portion 201 is slightly offset, as dearly seen in fig. 7. 

The axes of the tilting the inner gantiy part 1, either the vertical axis 210 
or the horizontal aids 21 1, axe Intersecting the treatment vohime 12. TUs 
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Hu'^'^tallW^ the mdiatioa head 8 alwaQTs is directs 
treatment ▼ohime 12. 

The tfltii^ of the hmer gantiy part 1 and the radiation head 8 is restricted in 
5 such a manner that all parts of the gantiy and radiation head 8 are boated 
outeide a qrlindrical vohme, which is indicated fay the broken line 13. No 
movable parts of the inner gantry part 1 will ever exist within this gantiy 
rotational envelope 13, independent of die intended motion of the radiation 
head 8 or tilting of the inner gantiy part 1. the gantiy rotaticmal envelope 13 

10 tiius constitutes &e free vohimearoimd the bocfy to be treated 11. The body 
to be treated 11 and the couch 10 are as in previous embodiment both 
preferably enclosed within a second cylindrical volume, a body positiaaing 
volume 14. This body positioning volume 14 totally enclosed by the gantry 
rotational envek^ 13, jvefisrab^ with a certain security margin. In such a 

15 case, there is no risk fiir jamming of the body 11 against the couch 10 or 
destruction of the radiation head 8 against the couch 10 at axqr time. 



The ring porti<m 201 of the inner gantry part 1 is designed with a 
substantially circular shape. This means that the ring portion 201 is formed 
without any parts along the rotation aria 9, where free space is available. 
The couc^ 10 nu^ thus extend through the ting portion 201, substantial]^ 
akmg the rotation axis 9. When the ring portion 201 is tilted in aiQT direction, 
the rotation axis 9 of the radiation head 8 is also tilted. However, since the 
tilting is restricted to rdatzvely small angles, the angular deviation between 
the longitudinal asds of the couch and body, and the rotation axis, is also ^ 
rdatively small. 

In fig. 7, it may be noticed, tbat since the first and second rotational 
supports 204, 205 are situated in the same plane as the radiation head 8 
|]9 and the ring portion 201 is displaced from the axis 210, the ring portion 201 
applies a torque <m the outer gantiy part 2. which would t»id to rotate the 
rotational coxmection 208. la order to compensate for this tonjue, a 
cotinterwdght 206, is attached to the ring portion 201. The counterweight 
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206 balances the weight of the ring portion 201. The countenvetafht 206 is 
fixed to the ring portion 201 and do not follow the rotation of the radiation 
head 8. This makes it possible to locate the counterwei^t in an area, which 
is not required for access to the bodjs 

The treatment situation in a device according to the second embodiment of 
the present invention is scA^ematicaQ^ilhistra^ 9. The radiation head 
8 is possible to move anywhere along a spherical surface* which is restricted 
by an ang^ V2 from the vertical axis and an anfl^e V3 from the axis 211. All 
directions within these anises are achievable. A zum-coplanar treatment may 
thus be achieved. Other angles than perpendicular to the rotation axis may 
be of interest to use in order to avoid damage of vital organs situated in the 
vidnity of the treatment volume 12. If the inner gantry part 1 is fixed at a 
certain position with respect to the out^ gpntiy part 2, the rotational 
coimection 208 is at a fisoed angle and the radiation head 8 is rotated, the 
irradiation of the treatment volume 12 will be applied in a plane 33 defined 
by the axis 210. If the tilting of the ^ntxy is controlled trimultaneously as 
the radiation head 8 rotates, az^ other geometrical ixradiadon pattern may 
be accoasrplished. In this way an inadiation path on the treatmCTt volume 12 
may be adapted to each individual case, depending on the nature of the 
target and the sensitivity for radiation damage m ttie sunoundix^ of the 
treatment voiumel2. 

It is easily seen in fig. 7 and 8, that the gantry is supported mainly in the 
radialdirection, with respect of the longitudinal axis of the couch, and the ^ 
rotation axis 9. The circular design of the ring portion 201 enables the 
clearance of the volume around the couch 10. 

In fig. 10, a side view of a third embodiment of azi irradiation device 
according to the invention is illustrated. In fig. 11 the irradiation device of 
fig. 10 is illustrated in a sectional view along the line C-C in the axial 
direction. A radiation head 8 is mechanically supported by an inner gantry 
part, generaltjr denoted by 1. The irmer gantry part 1 comprises in the 
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present embodiment a ring portion 301. The radiation head 8 is arranged to 
direct radiation to a treatment vohime 12. A bod^^ 11 is placed at a body- 
supporting coudi, generaOsr denoted by 10. the treatmait volume 12 is 
thereby in the normal case a part of the body 11, which is going to be treated 
5 by the radiation emitted from the radiation head 8. The radiation head 8 is 
movable along the ring portion 301, which means that the radiation head 8 
is able to rotate around a notation axis 9, which is substantially horizontal. 
The treatment volume 12 is in a preferred embodiment positioned at the 
rotation asds 9. 

10 

The inner gantxy part 1 is supported, via a first rotational support 304 and a 
second rotational support 305, by an outer gantry part 2. The outer gantty 
part 2 comprises in this embodiment a general^ U-shaped jaw portion 307, 
and a support portion 309. The jaw portion 307 sumnmds the treatment 

15 volimie 12 and is rotationaDy attached in its lower part to the support 
portion 309 by a rotational connection 308. The first rotational support 304 
and the second rotational support 305 are attached to the legs 302 and 303, 
respectively, of the jaw portion 307, and are therefore positioned at each side 
of the trieatment volvime 12, in a horizontal direction^ perpendicular to the 

20 longitudinal axis of the couch 10 and the body 11. Accordingly, tbe inner 
gantiy part 1 is provided with two s\q)porting locations S with respect to the 
outer gantry part 2. The $i5>porting locations S arc situated on each side of 
the treatment volume 12, ii^ a radial direction. 

c 

25 The radiation head 8 is rotatable around the rotation axis 9, and may thus 
be used also to irradiate the treatment volume 12 from below. In order to 
reach non-coplanar imuliation directions, the inner gantiy part 1 is rotated, 
either around a horizontal axis 310 by the first and second rotational 
supports 304, 305, or around a vertical axis 311 by the rotational 
connection 308. A slight rotation of the inner gantiy part 1 will put the ring 
portion 301 as indicated by the broken line ring 312. Such a tilting will thus 
limit the free space around the couch 10 and body 1 1, and a restriction of 
this tilting is necessaiy to ensure a free space around the body. The first and 



'Mi 
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second rotational supports 304, 305 are situated in the saxne plane as the 
radiation head 8 and the ring portion 301. The axes of the tilting of the inner 
gantiy part 1. either the vertieal axis 311 or the horizontal axis 310, are 
intersecting the treatment voluxne 12. This means that the radiation head 8 
5 always is directed substantialljr towards ttie treatment volume 12. 



The tilting of the inner gantry part 1 and the radiation head 8 is restricted in 
such a maimer that all parts of tixe gantry and radiation head 8 are located 
outside a cylindrical volume^ which is indicated by the broken line 13. No 

10 movable parts of the izmer gantxy part 1 wiU ever exist within this gantiy 
rotational envelope 13, independent of the intended motion of the radiation 
head 8 or tilting of the inner gantiy part 1. The gantry rotational envelope 13 
thus constitutes the free volume aroimd the body to be treated 1 1. The body 
to be treated 11 and the couch 10 are as in previous embodiments both 

15 preferably enclosed within a second cylindrical volume, a body positioning 
volxnne 14* This body positioning volume 14 is totally enclosed by the gantry 
rotational envelope 13, preferably with a certain security maigin. In such a 
case, there is no risk for jamming of the body 11 against the couch 10 or 
destruction of the radiation head 8 against the coiich 10 at any time, 

20 

The ring portion 301 of the inner gantry part 1 is designed with a 
substantially circular shape. This means tiiat the ring portion 301 is formed 
without any parts along the rotation axis 9, where free space is available. 
The couch 10 may thus extend through the ring portion 301, substantially f 

25 alongthcrotationaidsQ. When the ring portion 301 is tilted in any direct^ 
the rotation axis 9 of the radiation head 8 is also tilted. However, since the 
tilting is restricted to relative^ small angles^ the angular deviation between 
the longitudinal axis of the couch and body, and the rotation axis, is also 

[: relatively small. 



In fig. 10, it may be noticed, that the radiation head 8 and the ring portion 
201 are situated essentially in the same plane as tiie treatment vohime 12. 
This means that the access to the treatment volume by visual or mechanical 
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xneans is rcstrictecL Howeyer, ttip des^ of fhe inner gantry part 1 i$ 
simplified as compared iviA the second embodiment, described above. In 
order to achieve access to the treatment volume, a similar design as in Ae 
previous embodiment may be fntmded, znchiding Vifeight balancing 
5 equipment* 

Tlie treatment situation in a device accordixig to Hic second embodiment of 
the present invention is schematically illustrated in fig. 12. The radiation 
head 8 is possible to move anywhere along a spherical surface, which is 

10 restricted by an angjie V5 fi:om the vertical axis 311 and an an^^e V5 from a 
horizontal axis perpendicular to tiie looi^tudinal axis of the couch and body. 
All directions vrithm these angles are achievable. A non-coplanar treatment 
may thus be achieved. Other angles than perpendicular to the rotation axis 
may be of interest to use in order to avoid damage of vital organs situated in 

15 the vicinity of the treatment volume 12, If the inner gantty part 1 is ibced at a 
certain position with respect to the outer ^oitry part 2» the rotational 
connection 308 is at a fixed angle and the radiation head 8 is rotated, the 
irradiation of the treatment volume 12 will be applied in a plane 34 defined 
fay the axis 310. If the tilting of the gantry is controlled simultaneousljr as 

20 the radiation head 8 rotates, any other geometrical irradiation pattern may 
be accomplished. In this way an irradiation path on the treatment volume 12 
may be adapted to each individual case, depending on the nature of the 
tax^et and the sensitivity for radiation damage in the siarroundings of the 
treatment volxune 12. « 

25 . t 

It is easily seen in fig. 10 and 11, that the gantry is supported maixxfy in the 
radial direction, with respect to the longitudirial axis of tiie couch, cmd the 
rotation axis 9, The circular design of the ring portion 301 enables the 
clearance of the volume around the couch 10. It is also seen that since the 
;3P centre of mass of the iimer gantry part 1 always is situated between the 
support locations S, there are rdatively low bending moment present in the 
gantzy. 
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It win be understood lay those skilled in ttie art that vaiioas modifications and 
chanfes may be made to the present invention without departure fcoai the 
scope thereof, which is defined faytiie appended claims. 
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1. An izxHdiation device, con^rising 

a gantry (1-2); 

5 a zadiation head (8), mechanical)^ supported said gantzy (1-2) 

and rotatable around a rotation axis (9); 

said radiation head (8) is arranged to direct radiation to a treatment 
vohime (12) situated substantial^ on said rotation axis (9); 
and chaiacteilBed in that 
10 all movable parts of said gantxy (1-2) are, in all situations, situated 

at a distance from said rotation axis (9) ^wfaicfa is larger than a predetemiined 
value. 

2. The iiradiation device accordxiig to daim 1, diaractarlsed in tbat said 
IS gantiy (1-2) is arranged substantially radially with respect of said treatment 

volume (12), as defined tay said rotation axis (9). 

3. The irradiation device according to daim 1 or 2, chaiaeteiised in that said 
radiation head (8) is continuously^ rotatable aroxmd said rotation axis (9). 

20 

4. The irradiation device according to claim 1» 2 or 3, duncleriscd in tbat 
said radiation head (8) is movable along at least one arc of a circle, 
substantially centred at said treatment vohune (12), said arc being non- 
parallel with said rotation of said radiation head (8) around said rotation axis ^ 

25 (9), wherel^y non-ooplanar irradiation treatment is acheivable. 
• • • 

5. The irradiation device according to daim azqr of the preceding dairns, 
chazacteriaed in that said gantiy (1*2) comprises an ixuuar gantiy part (1) and 

: an outer gpntzy part (2), said inner gantzy part (1) is rotatably siqiported by 

said outer gantxy part (2) at two support locations (S), situated at opposite 
:\: sides of said treatment volxmie (12). 
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^r^^'irra^tion device according to daim 5, ohincterised in that aaid 
inner gantzypaxt (1) omiprises a substantiaOy drcularljr shaped portion (4, 5; 
201; 301) arranged around said rotation axis (9). 



5 7. The iiradiation device according to daim 5 or 6, eharactariaed in tiiat said 
support locations (S) are situated on opposite sides of said treatment volume 
(12), in the direction of said rotation axis (9)* 

8. The irradiation device according to daim 7, chiiacterlsed in that said 
10 ixmer gantry part (1) comprises a first ring portion (4) and a second ring 
portion (5) separated in the direction of the rotation axis (9), said rixig portions 
(4 1 5) are carried in a first support portion (6) and a second support portion (7) 
of said outer gantry part (2), respectivelty. 

15 9. The uiadiation device according to daim 8, ehazactaxlaed in that at least 
one of said pairs of said ring portions (4, 5) and said support portion (6, 7) 
comprises dectrical connections with sliding contacts. 

10. The irradiation device according to daim 7 or 8, chaiaeterised in tliat 
20 said inner gantry part (1) further comprises an drde arc portion (3), on ^^cb 

said radiation head (8) is movabty siq^portcd, whereby the centre of curvature 
of said arc portion (3) is situated in said treatment volume (12). 

1 1. The irradiation device according to claim 5 or 6, eharaetaxlsed In that 
25 said support locations (S) arc situated on opposite sides of said treatment 

volume (12), perpendicular to the direction of said rotation axis (9), and 
r provide a tilting around a first tilting axis (210; 310) through said support 

\^ locations (S) and said treatment volume (12), whereby non-coplanar 

irradiation treatment is acheivable. 

•A? 

\ : 12. The irradiation device according to daim 11, ehamctarised in that said 

— . outer gantry part (2) comprises a rotational connection (208; 308)» enabling a 

tilting of said inner gantry part (1) around a second tilting axis (211; 311) 
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substantially peipendicular to the first tilting cods (210; 310); said second 
tUting asds (211; 311) goes substantial^ tluou^ said treatment volume (12). 

13. Irradiation device according to daim 11 or 12» cbaiactevlsed hy electrical 
5 connections wiOi sliding contacts between said radiation head (8) and said 
iimcr gantry part (1). 

14.. The ixiadiation device according to any of the preceding daims, 
chaiaetarlsed lofy means for numerical control of movable parts in said 
10 irradiation device. 

15. Irradiation device according to any of the preceding claims, charaetcxlaed 
in that said irradiation device further comprises a body supporting couch 
(10), comprising two couch support portions (20, 21), situated on each aide of 
15 said treatment vohmie (12), in the direction of said rotation axis (9). 

16« Irradiation device according to claim 15, obaimcterised In that said body 
supporting couch (10) is formed in two li&d parts (22, 23), each one attached 
to one respective of said couch support portions (20, 21), said rigid parts (22, 
^ 20 23) are interconnected by inaterial (24) with a low radiation cross secti^ 

17. Irradiation device according to daim 16, ehaneteclsed la that said couch 
support portions (20, 21) are movable indep^dmtly of each other. 

K 

25 18. Irradiation device according to claim 17, ehazacteaeiaed in that said couch 
support portions (20, 21) are movable in two translational directions, 
substantialily perpendicular to said rotation axis (9). 

• • • 

19. Irradiatinn device accc»rdir)g to any of the claims 15 to 18, dumeterfsed 
:.30 in that said body-supporting couch (10) is arranged within a distance of said 
predetermined value from said rotation axis (9). 



• • a 

• • a 



20. Irradiation method onnprising the Steps of 
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supportizig a gantxy (l-2)p having a xadiation head (8)» substantialfy 
xadialfy ^th re^^cct of a rotation axis (9); 

moving said radiaticm head (8) in a dicular path around said 
rotation axis (9); 

5 providing a treatment vohune ( 12) on said rotation axis (9) ; 

izradiate said treatment volume (12) by xadiation from said radiation 

head (8). 

21, Irradiation method according to daim 20, chaneterlaed la tliat said 
10 moving of said radiation head (8) in a circular path is performed over an ane^e 

interval, considcrah^ exceeding one full turn. 

22, bradiation method according to daim 21> chaxaeteiised In that said 
moving of said radiation head (8) in a circular path is performed aver a 

15 continuous angle interval. 

23, Irradiation method according to any of the daims 20 to 22, eharaeterised 
hy the further step of 

moving said radiation head (8) along a circular arc path around said 
2 0 treatment volume (12), non-paraliel to said circular path of said radiation head 
(8). 
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The prcsoit invention presents an irradiation device providix^ a £nee volume 
around the longitudinal axis of &e body (13) around the body to be 
5 irradiated. The supporting parts of a gantry (1, 2) are situated substantially 
radially ^xth respect to the longitudinal axis. The gantry comprises an inner 
gantry part (1) v^th at least two supporting locations (S) to an outer gantry 
portion (2).The sxxpport locations (S) are situated at each aide of a treatment 
volume (12). A radiation head (8), mechanically attached to the inner gantry 

10 part (1) and arranged to direct radiation to the treatment volume (12) is 
movable around the treatment volume (12). In preferred embodiments, the 
parts (20, 21, 22, 23) of the gantry are formed as rings, leaving a free space 
along the rotational axis (9). A body-supporting couch (10) is arranged along 
the rotational axis extending throxagh the hollow parts (20, 21, 22, 23)- The 

15 radiation head (8) is preferably movable in a circular path also perpendicular 
to the rotation axis (9). Mon-coplanar treatments are thereby possible to 
obtain. The arrangements are suitable for applying numerical control of the 
gantry movements. The invention also discloses irradiation methods suitable 
for such devices. 

20 



(Fig. 1) 
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□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWING 
Caf^LURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

O^OLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



